Sound absorbing materials are used in building to dissipate sound energy into heat by 11 viscous and thermal processes. Sound absorbers increase the transmission loss of walls, decrease 12 the reverberation time of rooms and attenuate the noise generated by internal sound sources.
92
whre k=/c is the wavenumber, =2f is the angular frequency, c is the sound velocity in air, and f is 93 the frequency. The structural impedance of the panel, Zvib, can be obtained from the elastic properties 94 of the panel [20] . Therefore, the input impedance to the MPP system is 95 .
(4a)
96
For a rigid panel, Zvib∞, and 97 .
98
The Maa and EF models for the MPP, ZMPP, and more specifically, for the impedances of the 99 perforations, Zhole, and edges, Zedge, will be reviewed in the following. 
105 where u is the particle velocity in the tube, r1, is the radial coordinate in the tube,  is the air viscosity, 106 and p is the presuure difference at both sides of the tube. Solving for u, and averaging on the tube 107 surface, the following equantion is otained
109 which affords for the hole impedance ∆ / , 4 beingo the air density,  the air viscosity,  the angular frequency, r=d/2 the perforation radius, 114 and J0 and J1 the Bessel functions of first class and orders 0 and 1, respectively. To extrapolate this 115 solution to that of a MPP it is neccessary to take into account the relationship between the particle 116 velocity inside and outside the perforations, Figure 
132
These are the resistive and reactive terms used in most MPP models and will be also assumed in 133 this article. Notice that 134 2 2 2√2 2√2 .
(10)
135
The reactive term can be also interpreted as an excess of vibrating mass, 2 0.85 , Figure 3 ,
136
where a multiplying factor of 2 is used to take into account both sides of the hole.
137
The edge impedance of Eq. (9) article. Figure 5 shows the Fok function (correction factor of the mass reactance) as a function of 155 porosity. As it can be seen, the correction factor is small for low porosity values but begins to be 156 significant for porosities higher than 2%. Since this factor corrects the length excess of the oscillating 157 mass in the holes, the effect of overperforaton is to cut out this length excess.
158
Therefore, the Maa model with overperforation effects provides the following equation for the 
161
The normal incidence absorption coefficient, which can be calculated by introducing this Eq.
162
(13) into the Eqs. (1) and (2) 
168
 For each combination of (t,,D) there exist a value of d providing maximum absorptiion.
169
Furthermore, the absorption bandwidth increases as d decreases.
170
 For each combination of (d,,D) there is a value of t yielding maximum absorption. The 171 absorption curve moves towards higher (lower) frequencies as t decreases (increases). 
186
Maa [2] proposed designing SL-MPPs with d=t. As it is seen in Figure 10 , which dispalys the 187 absorption coefficient of a SL-MPP as a function of (d,t) for f=1500 Hz, =1% and D= 2 cm, this is a 188 reasonable guess.
189 Figure 11 shows the absorption curves of a SL-MPP as a function of frequency, for t=0.5 mm, D= heavier and more difficult to move. This inertial effect contributes to increase the vibrating air mass 218 and is taken into account using a length correction that must be added to the perforation length, t.
219
Atalla y Sgard [6] demonstrated that the EF model predicts the following equation for the hole
222 where , the effective density, is 
339
This formulation does not take into account the effect in the interface between the carrying plate 340 and the micrometric mesh. In fact, in this formulation, the boundary condition in this interface is just 341 taken into consideration in the porosity of the micrometric mesh, which is . . However,
342
the flow modification across this interface might contribute to both the resistive and reactive parts of 343 the edge impedance. The EF model allows introducing these edge effects easily, Figure 19 . 
395
For the equivalent fluid model, the irregularity in the perforations could be expected to modify 396 both the flow resistivity and the geometrical tortuosity. Therefore, Cobo and Montero de Espinosa
397
[13] considered the modified resistivity and tortuosity given by
399
where , are real numbers close to 1.
400
A MPP was produced by this technique to be measured in an impedance tube with parameters 401 (d,t,,d)=(0.25 mm,0.25 mm,1%,18mm). The modifying parameters (ar,ai, a resulted to 402 be (1,0.7,1.5,0.7)), respectively. Figure 22 shows the measured and predicted by both models 
431
The absorption coefficient at random incidence is [22] 432 sin 2 / .
(32)
433
The random incidence d depends on the reaction properties of the boundary. Ingard [36] 434 proposed the notation 0, 1 and 2 for naming the absorption coefficients at normal incidence, 435 random incidence for locally reacting surfaces, and random incidence for bulk reacting surfaces, 436 respectively. Figure 23 shows the absorption coefficients 0, 1 and 2 for a SL-MPP of d=t=0.1 mm,
437
=1.8%, and an air cavity of D=4 cm. It can be noticed that:
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
The random incidence absorption coefficient of a locally reacting SL-MPP has an absorption 439 bandwidth rather similar to the normal incidence absorption coefficient, and a slight reduction 440 of the peak absorption.
The random incidence absorption coefficient of a bulk reacting SL-MPP has an absorption curve 442 quite displaced towards higher frequencies as compared to the normal incidence absorption 443 coefficient, with a more reduced absorption peak. 
447
It is usual to design MPPs at normal incidence, since the mathematical problem is much 448 simpler. However, the designed MPP will likely have to perform at diffuse field. The bandwidth of 449 the designed normal incidence SL-MPP will be similar to that of the random incidence provided that 450 the interface is working as a local reaction surface. This can be easily achieved if the air cavity is 451 properly partitioned, for example with a honeycomb structure. 
453
Therefore, the SL-MPP first proposed by Maa [2-3] is a good alternative to fibrous and porous 454 materials under special conditions of clean and health requirements [37] . Its absorption bandwidth, 455 however, is limited to 1-2 octaves or even slightly superior to two octaves for ultraperforated MPPs 456 [14] . As an example, Figure 24 shows the absorption curve of such an ultraperforated MPP with 457 (d,t,,D)=(0.12 mm,1 mm,10%,2 cm), which provides absorption in a band of almost 2.3 octaves.
458
To increase the absorption bandwidth, 
474
The input impedance to the DL-MPP system is 475 , (1-2) allows to obtain the absorption coefficient of a DL-MPP at 479 normal incidence. Therefore, the absorption of a DL-MPP depends on 8 constitutive and geometrical 480 parameters of the MPPs, namely (t1,d1,1,D1,t2,d2,2,D2). As an example, Figure 26 shows the 481 absorption coefficient of a DL-MPP for the combination of parameters (t1,d1,1,D1,t2,d2,2,D2)=( 0.15 482 mm,1 mm,10%,2 cm,0.15 mm,1 mm,15%,2 cm). The absorption bandwidth, obtained by Eq. (14) 
486
(d1,t1,1,D1,d2,t2,2,D2)=(0.15 mm,1 mm,10%,2 cm,0.15 mm,1 mm,15%,2 cm).
487
Since the acoustic performance of a DL-MPP depends on 8 parameters, it is difficult to know a 488 priori the combination of these parameters affording the maximum absorption within a prescribed 492 Figure 27 shows the sketch of the TL-MPP at normal incidence. It consists of three MPPs of 493 impedances Zm1, Zm2 and Zm3 with three air cavities of impedances Zc1, Zc2 and Zc3. The input 494 impedances to the three interfaces are Z1, Z2 and Z3. Also, the characteristic impedance of the air is Z0.
495
Sound waves reach the TL-MPP system from the left at normal incidence. 
504
The normal incidence absorption coefficient of a TL-MPP depends on 12 constitutive and 505 geometric parameters (d1,t1,1,D1,d2,t2,2,D2,d3,t3,3,D3). To illustrate the capability of TL-MPP to 506 provide broadband absorption, Figure 28 shows the normal incidence absorption coefficient of such 507 absorber for the combination of parameters (d1,t1,,D1,d2,t2,,D2,d3,t3,,D3)=( 0.15 mm,1.35,15%,0.89 508 cm,0.15 mm,1.4 mm,10%,1.3 cm,0.15 mm,1.1 mm,5%,2 cm). Notice that this TL-MPP provides 
